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In order to improve the corporate sustainability of agro-food value chains, business organizations 
need to rely on a higher performing and more reliable logistics system.  Particularly, in case of 
dairy industry, organizations are facing some important challenges containing people 
management, short shelf life, high food losses and wastage, high greenhouse gas emissions.  Based 
on “Confederation of Indian industry - Dairy Vision 2025”, it is believed that the dairy sector in 
India has high potential if organizations can develop an effective logistics and supply chain system. 
This article attempts to analyze the interaction between distribution related challenges with a focus 
operational excellence and higher corporate green growth and sustainability viewpoints in food 
supply chains by considering the business example of four Indian dairy product based 
organizations using graph theory and matrix approach.  Several key challenges were identified 
based on a literature survey and experts’ views.  Graph theory and matrix approach has been 
applied to select the most significant challenge.  The results show that food organizations must 
work on cold chain to manage logistics and distribution challenges to reduce wastage, decrease 
financial losses and to take environmental issues into account.  This paper ranks the challenges as 
well as develop an index for the dairy industry to achieve corporate sustainability in its supply 
chain and logistics network.  The present study findings will provide useful knowledge for 
managers and policy makers managing interaction between people and process aspects and 
corporate sustainability management in the agro-based diary organizational logistics and supply 
chains. This is one of the unique studies in food supply chain that helps in improving the logistics 
and supply performance in diary industries of emerging economies. 
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The agro-food supply chain (A-FSC) is crucial for all production, as it follows a ‘farm to fork’ 
structure.  In the food industry, higher quality and safer food is always a top priority.  Overall, A-
FSC has the capability to link millions of players such as farmers, industries, governments and 
other organizations to deal with political and economic issues whether in a local, national or global 
context (Beske, et al., 2014; Genovese, et al., 2017).  
 
Some emerging economies are, on the one hand, suffering from insufficient safe food while, on 
the other hand, wasting food (Mangla et al., 2018a; Banaeian et al., 2018).  In China, 190 
kilocalories of food per person are lost every day.  While, in India, approximately 40% of grains 
are wasted because of inefficient management of the food supply network yearly.  Organizations 
are currently facing a series of challenges to supply sufficient food for increasing population 
globally, while dealing with environmental degradation and climate change, monitoring food 
safety and security and integrating the supply networks to reduce waste.  Food safety related threats 
pose serious concerns to food supply chains (FSCs), undermining public confidence in the food 
sector.    
 
It is therefore important to promote sustainable production and distribution in the food industry 
(Govindan, et al., 2014).   Sustainability oriented food supply chains include all forward 
(procurement of materials, production and distribution) and reverse processes (collection and 
return of used products) to achieve the goals of higher social, economic and environmental 
performance (Bloemhof and Soysal, 2017; Sgarbossa and Russo, 2017; Sharma et al., 2018a). 
 
FSC plays a vital role in the dairy sector to meet the population’s food requirements, especially in 
a rapidly growing economy like India.  Notably, India is known as the world largest milk producer.  
It is estimated that 66% of the total population of India depends on the dairy and agriculture sector.  
In rural areas, dairy farming is a prime source of income for communities (Rajendran and Mohanty, 
2004; Li, et al., 2014).  In order to design sustainability in food value chains, particularly in the 
dairy industry, logistics plays a central role.  Many problems can arise during transportation and 
distribution of any dairy product including people management, product damage, leakage or 
spoilage (Jabbour et al., 2015; Mangla et al., 2018b). As a result, this can mean fewer retail outlets 
selling dairy products and hence making a business loss for producers.  Hence, it is required to 
develop a system that could minimize the dairy losses and improve their operational performance. 
Indeed, logistics and distribution is one of the most important factors in supplying dairy based food 
products (Jabbour and de Sousa Jabbour, 2016).  Concurrently, logistics may also affect the 
environmental, social and economic sustainability of organizations in terms of increased carbon 
dioxide emissions, higher food insecurity and wastage (Rajeev et al., 2017).  In this sense, 
managers must address the identified challenges linked to logistics and distribution for the 
development of sustainability in FSCs and logistics in the context of the dairy sector.  
 
This research aims to analyze the logistics-focused challenges for the implementation of 
sustainability in food chains in the dairy sector.  However, there can be different opinions in 
different industries when adopting sustainability initiatives (Zhu and Sarkis, 2006; Yadav et al., 
2018; Sarkis, 2018).  Managers must also recognize the impact of these factors on their work and 
learn how to prioritize them; they must explore the inter-relationships of these challenges to 
manage their effect on the food supply network.  To achieve the aims already identified, this 
research sets out the following objectives: 
i. To recognize the challenges to logistics and distribution with a view to implementing 
sustainability in food chains 
ii. To model the challenges to establish their priority 
iii. To provide the industry with information for effective management of potential challenges 
 
In order to recognize the challenges related to logistics for sustainability in food value chains, 
several companies working in the northern region (Uttarakhand) of India were investigated.  In the 
present study a graph theory and matrix approach (GTMA) is projected to solve multiple criteria 
decision-making (MCDM) problems (Muduli et al., 2013; Singh et al., 2017; Kumar et al., 2017).  
GTMA can transform the effect of each challenge on other challenges into single numerical values.  
In addition, GTMA can identify the inter-dependence between the challenges.  
 
The paper is designed as follows.  In Section 2, the review of the related literature is examined.  
Section 3 explains the solution methodology and the research methods.  Section 4 presents the 
proposed research framework.  Discussion of research outcomes and managerial implications of 
the study are provided in Section 5.  Finally, we present the conclusions along with the scope for 
future research in Section 6. 
 
 
2. Literature Review 
 
The literature review mainly focuses on the logistics and distribution driven challenges for the 
successful implementation of sustainability in food value chains in the dairy sector.  According to 
the methods initially proposed by various researchers and academicians (Junior and Godinho 
Filho, 2010; Jabbou, 2013; Mariano, et al., 2015), a structural review was conducted to examine 
the published articles in the fields of food supply chain, transportation and sustainability.  Firstly, 
important terms were defined to underpin the initial search criteria.  The keywords used in the 
search were Supply Chain Management, Sustainability, Transportation, Dairy industry, 
Challenges, Issues. After completing this initial step, a combined search was conducted using key 
phrases Sustainability and Food Supply Chain; Challenges and Dairy Industry; Transportation and 
Challenges and Sustainability and Food Supply Chain; Transportation and Challenges and 
Ecological and Environmental and Social Sustainability and Food Supply Chain.  In this exercise, 
Scopus, Science Direct and Google Scholar databases were used for the search using the default 
search field “title, abstract, keywords.”  In this way, based on the theme and scope of this research 
this work collects various relevant articles, as shown in reference list.  
 
2.1 Sustainability in FSC 
Sustainability involves a combination of ecological, social and financial responsibilities for future 
generations to satisfy their needs (WCED 1987; Amui et al., 2017; Ahmadi et al., 2017).  
Sustainability has become a significant concern among business organizations (Carter and Rogers, 
2008; Jabbour et al., 2013; Vlajic et al., 2013; Luthra and Mangla, 2018).  FSCs are at the forefront 
of this development due to the pressure being exerted from increased consumer demands on food 
quality and sustainability.  In A-FSC, designing a chain network is a complex issue due to an 
intrinsic focus on the quality of product and demands for environmental sustainability (Allaoui et 
al., 2018; Goyal et al., 2018).  In food distribution, quality, health and safety take central 
consideration due to the increase in cases of food scares.  Sustainability in A-FSC includes 
fanatical-green aspects as well as a social dimension; employees’ health and safety must be 
ensured.  In FSC, retailers and caterers can contribute to organizational sustainability through 
higher temperature controlled distribution, sustainable sourcing (Baldwin 2009), reducing waste 
in storage and providing high standard food service operations during preparation and service 
(Turenne 2009).  To enhance sustainability in FSC, organizations are also focusing on labelling 
related to food miles, which allows food managers to access the carbon footprint and ecological 
impacts of the production and distribution activities (Saunders et al., 2006; Wilson, 2007).  The 
concept of sustainability in FSC has gained significant attention from scholars in recent years 
(Elhedhli and Merrick, 2012; Govindan, et al., 2014; Rajeev et al., 2017).  Some have proposed an 
eco-design of transportation in FSC.  Bendul et al., (2017) developed a sustainable FSC model 
mainly focusing on the parameters of sustainability in developing countries to overcome the 
differences in distribution systems and framework conditions.  Brent et al. (2018) suggested that 
the food industry should adopt connected and autonomous vehicles (CAVs) to deliver perishable 
products given the time constraints.  They indicate that the use of automated transportation in FSC 
can ensure minimal business loss.  Due to increased competition in the food industry, organizations 
may face difficulties in meeting consumer demand while maintaining the quality, quantity and 
price of their products.  Many executives of food companies are conscious about the integration, 
coordination and management of food products, all essential elements for their business, while 
keeping their foot in the competitive market.  Companies need to focus on the introduction of a 
sustainable process in the FSC in a holistic manner.  There are many issues related to food 
production in India; however, wastage and transportation based factors must be addressed.  Food 
companies need to focus on transforming their sustainable processes to decrease waste generation 
(Pagell and Wu, 2009; Bloemhof and Soysal, 2017).  Consumer involvement and awareness is 
further driving organizations to adopt sustainability in FSCs.  Customers are now expecting more 
from the food industry; they are interested in how food is produced and presented due to rising 
concerns of food safety and security in recent years (Beske et al; 2014).  A sustainable FSC goal 
should be to cut down on waste within the industry (Diamond, 2002).  Transportation and logistics 
plays a crucial role in improving the financial, public and green performance of FSCs (Hamprecht 
et al; 2005). 
 
2.2 Logistics function and sustainability in FSC and the dairy industry 
 
Sustainability has become an important topic in the business agendas of many food companies. 
Increased customer knowledge and government regulations are also forcing companies to include 
sustainability in their core systems such as operational, technical and welfare (Fredriksson and 
Liljestrand, 2015). Transportation and logistics aspects in FSCs have also been of concern among 
researchers in recent years (Villarreal, et al., 2017).  Vehicle scheduling, routing, delivery, 
environmental issues, cost, social factors, truck availabilities and communication gaps between 
supplier and receiver are among the major areas addressed by researchers (Eliiyi et al., 2009; 
Zhang and Yun, 2009; Zhang et al., 2009; Yu et al., 2013; Zhang and Qiu, 2014; Zhang et al., 
2015; Yu et al., 2015; Schiller and Kenworthy, 2017;).  
In the dairy industry, owners and managers try to grow the majority of their produce in close 
proximity to their farms to minimize transportation costs (Douphrate, et al., 2013).  Johnny et al., 
(2009) compared traditional and green supply chains after the recent introduction of environmental 
regulations that affect manufacturing operations and logistics systems from an industrial 
viewpoint.  In the dairy sector, some companies are not using eco-friendly refrigerants in 
transportation vehicles or employing cold storages; this is a major issue for environment 
sustainability (Khan et. al 2019).  In the dairy business, there is a general lack of collaboration 
between logistics, warehouses or cold storages; this tends to increase total carbon emissions.  
Organizations should use more combination modes of transportation (rail-road, road-ship and 
road-air) in the dairy sector (Kumar et. al 2019).  Chilling centres sometimes keep chilled milk for 
four to five days because of transportation problems; this automatically raises the overall cost and 
decreases the profit margin (Mishra and Raja Shekhar, 2012).  In the dairy industry, transportation 
of milk and their products need air conditioned or insulated vehicles to allow firms to expand their 
operational areas (Kumar et. al 2018b).  Forecasting is another key concern for many diary based 
firms (Litman, 2017).  In addition, increasing fuel prices add to current operational problems for 
transportation system. Sometimes due to logistics problems, the delivery of products is delayed 
and/or reached to customers’ with a degraded quality. 
 
The dairy sector has recognized logistics and distribution as a challenge; companies are looking at 
these challenges to minimize their effect in sustainable business development (Mor, et al., 2018).  
Several key challenges concerning transportation in the dairy industry are identified based on a 
literature review and stakeholders’ opinions.  Based on experts’ inputs, 27 challenges were divided 
into seven main areas.  These are Environmental related (EC), Government/political related (GPC), 
Roads related (RC), Financial related (FC), Cold chain related (CCC), Technology related (TC) 
and Legal (LC).  A brief description of these challenges is provided in Table 1. 
 
Table 1: Challenges to logistics aspects for sustainability in FSC in dairy industry 
 
S. No.         Challenges Description      References 
Environmental related challenges (EC)  
1 Floods in plains Floods in plains stop the transportation 
of dairy products and increase the 
chance of spoilage. 
 
Kaewunruen et 
al., (2016), Osti 
and Nakasu, 
(2016) 
2 Landslides in hilly areas Landslides occurring in hilly areas 
hinder transportation facilities in those 
areas, leading to company losses. 
Klose et al.,  
(2015); Redshaw 
et al., (2017) 
3 CO2 gas emission Emission of CO2 due to transportation 
of dairy products increases 
environmental pollution issues. 
Coley et al., 
(2009); Aggarwal 
and Jain, (2016); 
Lee, et al., (2017) 
4 Lack of weather 
forecasting  
Improper information regarding 
weather conditions affects the delivery 
of products. 
Dey et al., (2015); 
Yadav et al., 
(2016) 
Government / political related challenges (GPC) 
5 Lack of policies Lack of policies regarding health, 
environment and transportation is a big 
problem. 
Marsden and 
Reardon, (2017)  
6 Lack of security assurance  Transportation system integrated with 
GPS location, weather forecasting and 
traffic updates can lead to better public 
safety, emergency response and 
disaster recovery.  
Roy and Sahu, 
(2017); Wang and 
Yue, (2017) 
 
7 Failure of government Lack in implementation of plans, 
policies and regulations in 
transportation of dairy products is a 
failure of government 
Winston, (2000); 
Patankar et al., 
(2010) 
8 Lack of monitoring Lack of monitoring in transportation of 
dairy products increases the chances of 
contamination. 
Gandhi and Zhou, 
(2014); Dandage, 
et al., (2017) 
Roads related challenges (RC) 
9 Toll taxes Tolls and check-posts slow down 
traffic speed, waste time and frustrate 
transporters. It is difficult to obtain 
Sahu, (2017), 
Kayisu et al., 
(2018). 
road permits to travel from one state to 
another. 
10 Mixed traffic In India, mixed traffic is found on the 
same road even on highways. This 
causes inconvenience for transporters 
as well as pollution, congestion and 
road accidents. 
Castillo-Manzano 
et al., (2016);  
11 Lack of infrastructure Most Indian roads are un-surfaced and 
are not suitable for use of vehicular 
traffic during the rainy season. 
Sahu, (2017); Roy 
and Sahu, (2017); 
Kayisu et al., 
(2018)  
12 Lack of facilities Lack of roadside facilities such as 
repair shops, telephones, first aid 
centres etc.  
Charging issues for electric vehicles is 
still a problem. 
Khan et al., 
(2018) 
Financial related challenges (FC) 
13 Increase in crude oil prices  Increasing price of crude oil in the 
global market directly affects the 
transportation sector and increases the 
price of dairy products. 
Kaman et al., 
(2017) 
14 Lack of proper investment Lack of proper investment causes 
issues for transportation in dairy 
sector. 
Khisty and Lall, 
(2017); Buranelli, 
F. C. (2018) 
15 Lack of funds Due to lack of funds the maintenance 
and infrastructure of roads is very poor 
with even less available in the five-
year plan.  
Sahu, (2017)  
16 Currency variation Fluctuations in currency affect trading. 
It increases overall cost of 
transportation. 
Nkomo, (2017); 
Mtisi et al., (2017) 
Cold Chain related challenges (CCC) 
17 Poor pest control Pest control is a challenge during 
transportation of dairy products. 
 
Saurav and Potti, 
(2016); Kamana 
et al., (2017) 
18 Lack of temperature 
control  
Lack of temperature control may spoil 
the whole batch of dairy product 
during transportation.  
Tassou et al., 
(2009); Mercier et 
al., (2017); Ryan, 
(2017) 
19 Lack of equipment   Lack of equipment in cold chain 
affects storage and transport of milk. 
Ashok et al., 
(2017) 
20 Lack of availability of 
services and resources 
Lack of skilled technicians, lack of 
inconsistent procurement of spare 
parts, weak inter-departmental 
Krishnadevarajan 
et al., (2015); 
Ashok et al., 
(2017) 
agreements and procedures lead to a 
lack of services and resources. 
Technology related challenges (TC) 
21 Lack of adoption Adoption of new technologies in 
transportation is very slow and affects 
profits of organizations.   
Misra, (2008); 
Nazir et al.,  
(2017) 
22 Lack of skilled labour Lack of skilled labour in the 
organization affects production and 
profitability. 
Shamsi et al., 
(2014). 
23 Lack of information 
technology (IT) 
application 
Adapting information technology with 
transportation are challenges facing 
organizations. 
Negi and Anand, 
(2015) 
Legal related challenges (LC) 
24 Disputes between partners In transportation, ownership and high 




25 Lack of safety   Organizations must ensure that goods 
arrive safely without any theft issues. 
Organizations must have proper 
information about their employees. 
Simangunsong et 
al., (2016); Smith, 
(2017); Financial 
Express, (2018)  
26 Lack of transparency Lack of transparency at every level of 





27 Lack of trust Lack of trust and commitment between 
the supplier and firms is an obstacle in 
implementation of sustainability.  
 




2.3. Research gaps 
From the literature review, several research gaps were identified, as given below: 
1. Sustainable production and distribution is a relevant and time driven problem for food 
organizations.  The FSC, especially in the Indian dairy industry, plays a vital role in 
economic progress.  Based on “Confederation of Indian industry - Dairy Vision 2025”, the 
dairy sector in India has high growth potential.  Thus, sustainability in FSC for the dairy 
industry becomes a critical issue; it is still in its initial stages in many developed and 
developing countries (Li et al., 2014).  Additionally, the adoption of sustainability in FSC 
initiatives is very tough for companies and underpins logistics challenges for dairy 
businesses.  The dairy industry itself consumes high amounts of natural resources.  Very 
limited studies are available on adoption of sustainability concepts considering 
transportation, distribution and logistics issues from a knowledge based operations 
management perspective in the dairy sector (Beske et al., 2014; Meneghetti and Monti, 
2015). 
2. Work on recognizing and analyzing challenges to logistics for developing sustainability in 
FSCs in the dairy sector in emerging economies is limited.  Various activities such as using 
lack of skilled workforce, less fuel-efficient vehicles, less efficient cold-chain systems and 
low technological updates may hamper the logistics mechanism in delivering food products 
to the consumer (Carter and Rogers, 2008; Sharma et al., 2018b). 
3. The majority of existing studies focus on the understanding of production system, food 
availability and development of policies at a broad level (Zhang et al., 2018).  Very limited 
studies have been made to evaluate priority ranking and inter-relationships among 
challenges to logistics for successful sustainability concepts in FSCs in a dairy industry in 
an emerging economy.  
4. Due to a higher population, diversified geographical conditions and social inequality, the 
availability of safe and high quality food is a big concern in a developing economy like 
India.  Focusing on logistics and distribution aspects such as the time taken and running 
costs may ensure smoother delivery of food products at a reasonable price (Leamer and 
Storper, 2014; Rodrigue et al., 2016). This provides motivation to conduct research on 
addressing logistics focused challenges in developing sustainability in FSCs in the dairy 
sector; this would help in meeting sustainable development goals that have been set (Van 
Donselaar and Broekmeulen, 2012; Kumar et al., 2015; Tostivint et al., 2017). 
 
In the present study, a two-stage methodology has been used to fill the above-mentioned research 
gaps.   
Stage 1: Identification of the most common challenges in distribution and logistics for the 
implementation of sustainability in FSCs in the dairy industry underpinned by current literature 
and expert views. Stage 2: Analysis of challenges to establish their priorities using GTMA. 
 
3. Proposed research framework 
Based on a critical analysis of relevant literature, the challenges related to distribution and logistics 
have been determined.  These challenges were finalized after inputs from experts in the industry.  
The identified challenges were analyzed further by using a GTMA method.  GTMA technique 
helps to understand the behaviour of challenges by establishing their priority and inter-
relationships.  The projected framework is shown in Figure 1. 
 
Figure1: Proposed research flowchart 
 
4. Solution Methodology  
To meet the aims of this study, GMTA technique is used as the solution methodology.  GTMA 
approach is a systematic decision-making methodology used to find inter-relationships and 
interactions among the identified sub-challenges (Muduli et al., 2013; Shirinivas et al., 2010).  In 
this work, GTMA is adopted to quantify the impact of challenges. 
GTMA mainly focuses on estimating the inter-dependency of variables included within the 
problem structure (Wagner and Neshat, 2010). GTMA has been successfully implemented in areas 
such as supply chain coordination (Kaur et al., 2006), manufacturing (Jain and Raj, 2016) and 
Literature Review Industrial Experts 
Recognition of logistics related challenges (people-process issues) to 
implement sustainability in FSCs in dairy industry 
Collection of data of experts from selected food organizations in India 
Finalizing the common challenges accepted by organizations through 
experts’ inputs 
Analyzing the behaviour of listed challenges by establishing their 
priority and inter-relationships through GMTA approach 
Discussions of findings, managerial implications and conclusions 
supplier selection (Khan, et al., 2018).  There are several other techniques such as Interpretive 
Structural Modeling (ISM)( Kumar et al., 2017), Decision Making Trial and Evaluation 
Laboratory (DEMATEL) (Wang et al., 2016) or Fuzzy Cognitive Maps (FCM) that could be used.  
However, it is important to note that every method has its specified area of application and all of 
the above mentioned techniques primarily focus on developing the structural relationships instead 
of computing the weights. On one hand, GTMA helps to assess the inter-relationship among the 
included variables but it also assists in computing weights. While, on the other hand, it facilitates 
the practitioners to utilize the relationship results to develop execution strategies. Hence, for the 
present case, it is essential to use an approach that can utilize the inter-relationships and compute 
weights of the included factors rather than develop a structural hierarchy or identify the cause and 
effect factors.   For this study, GTMA is considered as the most suitable choice (Grover et al., 
2006).   
The main steps followed in the methodology are: 
Step 1. Recognition of the challenges  
Step 2. Construction of the digraph; the diagraph of the challenges and sub-challenges was 
established by observing their inter-dependencies on each other 
Step 3. Construction of the matrix; the digraphs are converted into matrices.  The variables of the 
matrix are then replaced by the values given in Table 3 after expert input.  
 
 
Table 3: Relative importance of challenge (dxy) (Muduli et al., 2013) 
 
Definition Relative importance of attributes 
dxy dyx= 10-dxy 
Comparing challenges are equally important 5 5 
One challenge is moderately important over another 6 4 
One challenge is strongly important over another 7 3 
One challenge is very strongly important over another 8 2 
One challenge is extremely important over another 9 1 
One challenge is extraordinarily important over another 10 0 
 
The details regarding the representation of permanent function is shown in Appendix D. 
 
Step 4. Theoretical best and worst values: The theoretical best and worst value of the challenges 
are obtained next.  This signifies the relative significance of challenges.  
 
5. Problem context – case organizations  
 
A-FSCs, especially in the Indian dairy industry, play a vital role in economic progress.  In India, 
70% of the total population reside in rural areas; many depend on agriculture and the dairy industry 
for their livings.  India’s dairy industry is worth rupees 5.4 trillion by value in 2010-2016 and it 
will attain value of 9.4 trillion in 2016-2020 on rising consumerism. In India near about 650 
companies working in the dairy sector and they contribute 25 per cent of the Gross National 
Income. The National Dairy Development Board has stated that the dairy sector is important for 
rural poverty improvement in India.  Thus, refining productivity and sustainability of the dairy 
sector would be very beneficial.  There are more than 200 companies working in the dairy sector 
in northern India. In Uttarakhand region, a large population is engaged in dairy business, as 
currently, 50 dairy companies are operating and contributing to the state economy. Among those, 
10 are large scale, 15 are medium scale and 25 are small scale companies. For this research, authors 
contacted 10 dairy product based food companies in the northern region of India particularly in 
Uttarakhand.  In response, four companies showed interest in this research.  Objectives were 
agreed and company inputs were shared with the research team.  Hence, four Indian dairy business 
companies were involved in the case analysis.  Details of their profiles are presented in Table 4 
below: 
 
Table 4: Brief information about companies 
 Company 1 Company 2 Company 3 Company 4 
Established 1961 1973 2009 1989 
Annual 
Turnover 
US$ 10 billion US$ 4.5 billion US$ 2.0 billion US$ 5 billion 
Employees 20,000 13,000 6,000 10,000 
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6. An application 
 
6.1 Collection of data 
 
For data collection, 30 experts were selected from 4 case companies.  26 are from the food industry 
comprising of 6 general managers, 5 distribution and logistics managers, 5 supply chain managers, 
5 production and operations managers, 3 financial officers, 2 environmental engineers.  Industrial 
experts have a minimum working experience of 5 years. While, 4 experts are from academia; these 
academics have 10 years’ experience in their domain and are involved in various research projects 
related to supply chain and logistics and distribution system in food industry.  All experts are 
responsible for taking decisions in their specific area.  In this process of data collection, the main 
intention is to analyze the logistics challenges to implement sustainability in the dairy industry. 
Data was collected through a questionnaire (please see appendix A).  Data was collected in two 
steps as described below. 
 
6.2 Most common accepted challenges 
27 challenges from the literature review were listed in the initial version of this work.  Based on a 
survey questionnaire, we verified the challenges from experts’ scores measured on a scale of 1 – 
7 (where, 1-least significant and 7-most relevant).  It was decided to delete any challenge with a 
score of 1 or 2.  We also requested any addition/modification that experts judged to be relevant.  
Based on this input, two challenges were added under the main challenges; Maintenance cost and 
Insufficient cold chain capacity.  Cost of maintenance in transportation is very high due to labour 
and equipment.  Insufficient infrastructure and inadequate capacity of cold chain vehicles can 
disrupt service delivery.  A total of 29 challenges were thus listed under 7 main challenges (please 
refer to Appendix B).  
6.3 Evaluating priority and inter-relationships of challenges 
The direction to the challenges and sub-challenges are provided by behavioural digraph, based on 
their inter-dependencies.  Nodes and edges provide digraphs in which nodes denote the total 
number of challenges for logistics and directed edges denote the dependencies among the 
challenges. If direction of edge is towards (y), this means that challenge (x) has relative importance 
above challenge (y) and is denoted by (dxy); if direction of edge is towards (x), this means that 
challenge (y) has relative importance above challenge (x) and is denoted by (dyx) (Rao, 2007).   
Figure 2 shows the index evaluation digraph for the main challenges.  The index evaluation 
directed digraph for sub-challenges has also been drawn (shown in Appendix C). 
 
Figure: 2 Index evaluation digraph for logistics based challenges for sustainability in FSC in 
dairy industry 
 
The above digraph gives one to one representation of the main challenges that represent the matrix.  
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      1 
Where, EC, GPC, RC, FC, CCC, TC and LC represent the value of challenges denoted by node 
where dxyis the relative importance of challenge ‘x’ over challenge ‘y’. 
Next, the permanent values of main challenge Environmental Related Challenges (EC) for 
companies 1(I1), 2 (I2) 3 (I3) and 4 (I4) are planned according to Eq. 2 as shown below:  
𝑃𝑃𝑃𝑃𝑟𝑟𝐼𝐼1(𝐸𝐸𝐸𝐸) = �
𝐸𝐸𝐸𝐸1 𝑎𝑎12 𝑎𝑎13 𝑎𝑎14
𝑎𝑎21 𝐸𝐸𝐸𝐸2 𝑎𝑎23 𝑎𝑎24
𝑎𝑎31 𝑎𝑎32 𝐸𝐸𝐸𝐸3 𝑎𝑎34
𝑎𝑎41 𝑎𝑎42 𝑎𝑎43 𝐸𝐸𝐸𝐸4
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� = 13724𝑃𝑃𝑃𝑃𝑟𝑟𝐼𝐼3(𝐸𝐸𝐸𝐸) = �
6 5 3 5
5 5 6 4
7 4 3 5
5 6 5 4
� = 13482 
𝑃𝑃𝑃𝑃𝑟𝑟𝐼𝐼4(𝐸𝐸𝐸𝐸) = �
3 6 5 6
4 5 7 5
5 3 7 4
4 5 6 4
� = 13778 
Where, PerI1 (EC), PerI2 (EC) PerI3 (EC) and PerI4 (EC) denote the index values for the challenge 
Environmental Related Challenges (EC) for companies 1, 2, 3 and 4 respectively. 
The permanent values of other challenges for companies 1(I1), 2 (I2), 3 (I3) and 4 (I4) are shown  
in Appendix C. 
The implementation index of logistics-based challenges to sustainability in FSC (Index) is 
estimated by calculating the permanent function of the main matrix of challenges. 







14343 7 6 7 6 6 7
3 11349 4 7 4 7 3
4 6 13233 5 4 6 7
3 3 5 238169 4 6 4
4 6 6 6 293534 7 6
4 3 4 4 3 688 7





= 1.01 × 1030 







13724 6 5 8 6 6 7
4 9521 4 7 4 4 7
5 6 12605 7 4 7 7
2 3 3 238708 7 4 7
4 6 6 3 251680 5 6
4 6 3 6 5 587 8





= 5.5 × 1030 







13482 6 5 8 4 6 7
4 10136 4 7 4 7 7
5 6 12000 7 4 6 6
2 3 3 250249 7 4 7
6 6 6 3 263814 5 6
4 3 4 6 5 770 8





= 9.5 × 1030 







13778 5 6 7 5 7 6
5 11349 5 6 5 7 6
4 5 11294 8 5 7 5
3 4 2 222829 7 4 6
5 5 5 3 274069 5 7
3 3 3 6 5 639 7





= 5.7 × 1030 
The index values and the best and worst values of all main challenges are shown in Table 5. 
Table 5: Index values of logistics-based challenges to sustainability in FSC for companies 1, 2, 3 
and 4 
Company EC GPC RC FC CCC TC LC  Index 
I1 14343 11349 13233 238169 293534 688 9811 1.01 x 1030 
I2 13724 9521 12605 238708 251680 587 9559 5.50 x 1030 
I3 23482 10136 12000 250249 263814 770 13331 9.50 x 1030 
I4 13778 11349 11294 222829 274069 639 11821 5.70 x 1030 
Best 
Value 
15000 15000 15000 375000 375000 326 15000 5.30 x 1030 
Worst 
Value 
6776 6776 6776 168376 168376 326 6776 1.90 x 1028 
 
The theoretical best value of the challenge is found by giving the best value to all its sub- 
challenges i.e. 5. 
Best value for challenge 1, Environmental Related Challenges (EC) 
 
𝑃𝑃𝑃𝑃𝑟𝑟(𝐸𝐸𝐸𝐸)𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 = �
5 5 5 5
5 5 5 5
5 5 5 5
5 5 5 5
� = 15000
 
Likewise, the best value for sustainability concepts in FSC index is
 







15000 5 5 5 5 5 5
5 15000 5 5 5 5 5
5 5 15000 5 5 5 5
5 5 5 375000 5 5 5
5 5 5 5 375000 5 5
5 5 5 5 5 750 5





= 5.3 x 1030 
The theoretical worst value of the challenges is attained by giving the worst value to all its sub- 
challenges i.e. 1. 
𝑃𝑃𝑃𝑃𝑟𝑟(𝐸𝐸𝐸𝐸)𝑊𝑊𝑊𝑊𝑊𝑊𝐵𝐵𝐵𝐵 = �
1 5 5 5
5 1 5 5
5 5 1 5
5 5 5 1
� = 6776 
 
Also, the worst value for sustainability concepts in FSC index is
 







6776 5 5 5 5 5 5
5 6776 5 5 5 5 5
5 5 6776 5 5 5 5
5 5 5 168376 5 5 5
5 5 5 5 168376 5 5
5 5 5 5 5 326 5





= 1.9 x 1028 
The GTMA analysis also provides the preference order or rank of challenges as shown in Table 6.  
The closeness of challenge index value near to the best value indicates it has higher importance; 
the challenge index value near to the worst value indicates less importance. 
 




Rank              Company 
2             
(I2) 
Rank                Company 
3 (I3) 
Rank             Company 
4(I4) 
Rank             
EC 14343 3 13724 3 13842 3 13778 3 
GPC 11349 5 9521 6 10136 6 11349 5 
RC 13233 4 12605 4 12000 5 11294 6 
FC 238169 2 238708 2 250249 2 222829 2 
CCC 293534 1 251680 1 263814 1 274069 1 
TC 688 7 587 7 770 7 639 7 




The index values of logistics-based challenges to sustainability in FSC are - 1.01 x 1030, 5.50 x 
1030, 9.50 x 1030 and 5.70 x 1030.  Based on Table 6, the preference order of the challenges for 
company 1 is CCC>FC>EC>RC>GPC>LC>TC, for company 2 is 
CCC>FC>EC>RC>LC>GPC>TC, for company 3 is CCC>FC>EC>LC>RC>GPC>TC and for 
company 4 is CCC>FC>EC>LC>GPC>RC>TC.  The higher the index value then the higher the 
rank of challenge becomes.  The index values of Cold chain related challenges (CCC) for 
companies 1, 2, 3 and 4 are 293534, 251680, 263814 and 274069 respectively; these are also higher 
than other challenges in the index value list.  Based on index values of CCC, the importance of 
Cold chain is higher in company 1 and less in company 2.  Among the main challenges, Cold chain 
related challenges are determined as the most significant.  An interesting report was published in 
The Hindu: Business Line on May 31, 2016, “Dairy sector needs more cold chain facilities.” 
According to the report, India needs more cold chain facilities to maximize economic profits and 
to be able to export more products to the world, considering India’s presence in diary sector.  The 
Cold chain related main challenge has five sub-challenges, namely CCC1, CCC2, CCC3, CCC4 
and CCC5.  Managers and policy makers need to focus on these challenges to enhance overall 
business sustainability.  
For financial related challenges: GTMA analysis indicates the index values of Financial 
challenge (FC) for case companies 1, 2, 3 and 4 are 238169, 238708, 250249 and 222829 
respectively.  Investment and funding is needed to make changes to the system, a major concern 
for food organizations in India (Balaji and Arshinder, 2016). Similarly, Muduli et al. (2013) and 
Shirinivas et al. (2010) also indicated that various diary industries are constantly trying to improve 
their cold chain facilities but financial challenges acts as primary obstacle in enhancing the 
performance. Thus, overcoming the financial challenges can assist the managers to develop actions 
to tackle other challenges effectively. 
For environmental related challenges (EC): GTMA analysis shows the index values of 
Environmental challenge (EC) for organizations 1, 2, 3 and 4 are 14343, 13724, 23482 and 13778 
respectively. Regulations regarding environment protection are very important and organizations 
should respond positively in adopting recommended environmental standards in its business 
activities (Chandra, 2015). In order to withstand the global competition, sustainability has become 
one of the most essential aspects for diary industries. Beske et al. (2014) also insisted to focus on 
environmental challenges, as dairy products being consumed on daily basis. This means they may 
have a high impact on human health. Hence, it is essential to observe the environmental challenges 
that strongly influence the performance of dairy industries. In many countries across the globe, 
government has started developing the environmental favouring policies to benefit their citizens.   
For road related challenges (RC): GTMA analysis shows the index values of Road challenge 
(RC) for case firms 1, 2, 3 and 4 are 13233, 12605, 12000 and 11294 respectively.  To achieve 
sustainability, organizations need to improve poor networks of road and incorporate new 
technologies to handle road issues such as traffic signals (Mehta and Rajan, 2017). It is further 
highlighted by Meneghetti and Monti (2015) that improved transportation is extremely essential 
for dairy industries because of short life of its products. The managers are constantly focusing on 
the challenges related to roads and transportation to make sure that the product is delivered to the 
end user in a minimal possible time. 
For Government/political related challenges (GPC): GTMA analysis indicates the index values 
of Government/political challenge (GPC) for case companies 1, 2, 3 and 4 are 11349, 9521, 10136 
and 11349 respectively.  For case companies 1 and 4 it attains fifth position; for company 2 and 3 
it acquires sixth position.  Government/political challenge plays an important role in effective 
adoption of transportation-based sustainable development (Tirado et al., 2010, Porter and Kramer, 
2019).  
For technology related challenges (TC): GTMA analysis shows the index values of Technology 
challenge (TC) for case companies 1, 2, 3 and 4 are 688, 587, 770 and 639 respectively.  For 
companies 1, 2, 3 and 4 it attains seventh place.  Technology plays a crucial role in managing 
logistics issues for dairy products (Venugopal, 2017). It has been observed that the developed 
countries have switched to advanced technologies to improve the performance of dairy sectors 
(Leamer and Storper, 2014). However, the developing nations are still practicing the traditional 
technologies for their entire process structure within diary sector. Hence, it is immediately required 
to adopt the advanced technologies in supply and logistics functions in dairy sectors. This will 
definitely help in enhancing its business sustainability.  
 
7.1 Implications for managers and policy makers 
This research gives an in-depth understanding in effective management of logistics-based 
challenges for sustainability in Indian dairy organizations through the permanent of a matrix and 
adoption index values. This research can help private as well as public sector organizations, policy 
makers and senior managers.  Challenges to sustainability faced by the dairy industry can be 
tackled successfully.  Some projected implications of the present study are mentioned below: 
 
Role of efficient cold chain for higher green growth 
In the dairy sector in India, most milk that is spoiled is because of a lack of proper cold chain 
facilities (Kumar et. al 2018a).  To deal with this, managers need to promote research by 
developing high-class dairy technologists and professionals.  The industry needs to become more 
attractive to enlist young talented workers.  Adulteration and contamination needs to be addressed 
at its root.  Although India is the world’s largest producer of milk, but still are the poorest in per 
capita yield.  Proper cold chain in transportation will increase profits and help in the country’s 
growth. Companies can also create a collaborate network to contribute to cold chain development 
to improve their logistics performance considering their financial capabilities and governmental 
policies to support food wastage campaign in a nation.  
Role of government regularity bodies 
Government plays an important role for managing logistics related concerns.  Government 
regularity bodies can help to overcome problems of policy implementation, security, assurance 
and monitoring.  Co-ordination of central and state governments helps the nation to overcome the 
issues of roads, lack of funds and electricity.  A co-ordination mechanism can also help in 
systematic distribution and management of resources to improve communication and information 
transparency among stakeholders in food value chain. In India, government action is crucial for 
sustainable business development in the food sector.  Effective action also increases the 
profitability of dairy industries. 
 
Requirements of funds for maintenance and up-gradation of systems  
Enough funds and resources are important for effective management of logistics.  Funding and 
investments are essential for maintenance and upgrading out of date systems.  In transportation of 
dairy products, maintenance costs are very high due to safety and security.  Managers need to use 
new methodologies, techniques and equipment to minimize losses in the whole food supply chain.  
New technologies and innovations also overcome the negative impact of logistics on the 
environment. Such as, the implementation of blockchain, big data, and advanced information 
technologies can improve overall business sustainability. Adopting automated milking systems 
improves the productivity growth of dairy farms and, thus, their prospects of long-term survival. 
Automated mastitis detection and dairy shed technologies also improve the sustainability of the 
organization. 
 
Developing infrastructure facility for people and community welfare 
Currently in India, road accidents are increasing at an alarming rate.  This is directly related to 
poor road infrastructures, mixed traffic and lack of awareness among people. To overcome this, 
government should upgrade roads and infrastructure.  Organizations should be motivated to 
develop their workforces in delivering food products to consumers in the most sustainable way. In 
addition, logistics optimization is important in sustainable food management, which includes 
loading, speed, route, reverse logistics, use of alternative fuels, logistics collaboration etc. Thus, 




People management for their expertise and skills 
In India, agro-food organizations lacks in people management in distributing diary based products 
to the customers. The supply chains of perishable products are very complex due to short life cycle, 
huge variation in demand and price, etc. In this sense, the perishable products need appropriate 
handling and control to reduce food wastage. In so doing, human resource skills and expertise can 
serve the purpose for improving operational effectiveness of diary based organizational supply 
chains.  
Apart from the above stated implications for managers and policy makers, this study is equally 
beneficial for researchers and practitioners. An exhaustive set of 27 unique challenges to logistics 
related food chain in diary sector are identified in this study. The categorized set can help the 
academicians to develop new frameworks for diary industries and test it in future research. The 
practitioners can also deeply assess the identified challenges and formulate action plans to 
overcome these challenges by monitoring the weights of the included challenges. It is obvious that 
tackling all the challenges simultaneously is extremely difficult. Hence, the prioritized set of 
challenges along with their interdependence will facilitate the practitioners to improve the FSC 
performance in diary sector.  
 
8. Conclusions 
This research focuses on the logistics related challenges (focusing on related people and process 
related issues) as well as sub-challenges to implement corporate (ecological-economic-social) 
sustainability in FSC in diary sector successfully.  The key challenges are underpinned by a 
literature survey and experts’ opinions.  GTMA based approach is used to analyze these challenges 
to establish their priority and inter-relationships.  Results show the priority order of the main 
challenges - cold chain related challenges come top; economic related challenges are next; these 
are followed by financial related challenges; road related challenges come next; next are 
government/political related challenges; these are followed by technology related challenges and 
finally legal related challenges. The findings of this study are obtained from the case application 
within the four dairy organizations in India.  
This research provides several directions for future studies.  This work has generally focused on 
logistics challenges to implement sustainability orientation in FSC in the Indian context.  However, 
this study may also be extended to other developing economies such as India, China, Thailand 
with some modifications.  In addition, this work mainly focused on collecting opinions from four 
major dairy production organizations.  In future, the sample size may be increased and an empirical 
investigation may be conducted for theoretical building. This research presents an interesting 
chance to undertake a more broad-based investor outlook on the challenges for educating 
stakeholders and developing suitable policies and achieving successful corporate sustainability in 
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We are conducting this research to evaluate the effect of logistics based aspects (challenges) to implement 
sustainability in the food supply and logistics system in the dairy sector in Indian context. The data for this 
work is collected in 2 phases:  
 
PHASE 1: Most common challenges to logistics to implement sustainability in GSC in diary 
industry 
We have listed 27 sub-challenges under 7 main challenges using literature.  Please add/delete/reword any 
other challenge relevant to logistics to implement sustainability in FSC in the Indian dairy industry. 
 
 
 Environmental related challenges (EC) Degree of Priority 
1 Floods in plains  
2 Landslides in hilly areas  
3 CO2 gas emission  
4 Lack of weather forecasting   
 (Please mention any other challenge)  
 (Please mention any other challenge)  
 
 
 Government / political related challenges (GPC) Degree of Priority 
5 Lack of policies  
6 Lack of security assurance   
7 Failure of government  
8 Lack of monitoring  
 (Please mention any other challenge)  
 (Please mention any other challenge)  
 
 
 Roads related challenges (RC) Degree of Priority 
9 Toll taxes  
10 Mixed traffic  
11 Lack of road infrastructure  
12 Lack of facilities  
 (Please mention any other challenge)  
 (Please mention any other challenge)  
 
 
 Financial related challenges (FC) Degree of Priority 
13 Increase in crude oil price   
14 Lack of proper investment  
15 Lack of funds  
16 Currency variation  
 (Please mention any other challenge)  
 (Please mention any other challenge)  
 
 
 Cold Chain related challenges (CCC) Degree of Priority 
18 Poor pest control  
19 Lack of temperature controlling   
20 Lack of equipment    
21 Lack of availability of services and resources  
 (Please mention any other challenge)  
 
 
 Technology related challenges (TC) Degree of Priority 
23 Lack of adoption  
24 Lack of skilled labour  
25 Lack of information technology (IT) application  
 (Please mention any other challenge)  




 Legal related challenges (LC) Degree of Priority 
26 Disputes between partners  
27 Lack of safety    
28 Lack of transparency  
29 Lack of trust  
 (Please mention any other challenge)  
PHASE 2: Determine the priority of challenges 
After listing the main challenges and their sub-challenges, we aim to prioritize their importance.  Please 
respond using the given scale. 
 
Table: Relative importance of challenge (dxy) (Muduli et al., 2013) 
 
Definition Relative importance of attributes 
dxy dyx= 10-dxy 
Comparing challenges are equally important 5 5 
One challenge is moderately important over another 6 4 
One challenge is strongly important over another 7 3 
One challenge is very strongly important over another 8 2 
One challenge is extremely important over another 9 1 

























Table: Most accepted challenges to logistics for sustainability in FSC in dairy industry 
S. No.         Challenges Source 
 
Environmental related challenges (EC)  
1 Floods in plains Kaewunruen, et al., (2016); Osti and Nakasu, (2016) 
2 Landslides in hilly areas  
Klose, et al.,  (2015); Redshaw, et al., (2017) 
3 CO2 gas emission  
Coley, et al., (2009); Lee,et al., (2017) 
4 Lack of weather 
forecasting  
 
Dey, et al., (2015); Yadav, et al., (2016) 
Government / political related challenges (GPC) 
5 Lack of policies  
Marsden and Reardon, (2017); Dandage, et al., (2017) 
6 Lack of security assurance   
Mattevi and Jones, (2016); Roy and Sahu, (2017)  
7 Failure of government  
Winston, (2000); 
Patankar, et al., (2010) 
8 Lack of monitoring  
Gandhi and Zhou, (2014); Dandage, et al., (2017). 
Roads related challenges (RC) 
9 Toll taxes  
Sahu, (2017); Kayisu, et al., (2018). 
10 Mixed traffic  
Castillo-Manzano, et al., (2016) 
11 Lack of road infrastructure  
Sahu, (2017); Roy and Sahu, (2017); Kayisu et al., (2018)  
12 Lack of facilities  
Atombo et al., (2017); Khan, et al., (2018) 
Financial related challenges (FC) 
13 Hike in crude oil   
Khan et al., (2018) 
14 Lack of proper investment Khisty and Lall, (2017); Buranelli, F. C. (2018) 
15 Lack of funds Sahu, (2017)  
16 Currency variation Nkomo, (2017); Mtisi, et al., (2017) 
17 Maintenance cost Expert’s inputs 
Cold Chain related challenges (CCC) 
18 Poor pest control Saurav and Potti, (2016); Kamana et al., (2017) 
19 Lack of temperature 
controlling  
 
Tassou et al., (2009); Mercier et al., (2017) 
20 Lack of equipment    
Ashok et al., (2017) 
21 Lack of availability of 
services and resources 
 
Krishnadevarajan et al., (2015); Ashok, et al., (2017) 




Technology related challenges (TC) 
23 Lack of adoption  
Misra, (2008); Nazir et al., (2017) 
24 Lack of skilled labour  
Shamsi et al., (2014). 




Negi and Anand, (2015), Negi and Anand, (2017). 
Legal related challenges (LC) 
26 Disputes between the 
partners 
 
Venkatesh and Luthra, (2016) 
27 Lack of safety    
Simangunsong et al., (2016); BBC, (2017) 
28 Lack of transparency  
Tortajada, (2016); Venkatesh and Luthra, (2016) 








Appendix C – GTMA Analysis 
Directed digraph for challenges; 
Listed below figures show the directed digraph for challenges; Environmental Related Challenges 
(EC), Government/Political Related Challenges (GPC), Roads Related Challenges (RC), Financial 
Related Challenges (FC),Cold Chain Related Challenges (CCC),Technology Related Challenges 
(TC) and Legal Related Challenges (LC) respectively. 
 
 




















Figure: 4 Digraph for government/political related challenges (GPC) 
 
 








































Figure: 6 Digraph for financial related challenges (FC) 
 

























































Figure: 8 Digraph for technology related challenges (FC) 
 
 


































Representation of Matrix 
Likewise, the digraph for each challenge is changed into matrices as per the expression (1). 
 𝑃𝑃𝑃𝑃𝑟𝑟(𝐸𝐸𝐸𝐸) = �
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𝑎𝑎31 𝑎𝑎32 𝐸𝐸𝐸𝐸3 𝑎𝑎34
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Permanent values of other challenges for industry 1(I1), 2 (I2) 3 (I3) and 4 (I4) are: 
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Appendix D – Representation of Permanent Function 
1. Permanent representation: The permanent of the matrix (Jurkat and Ryser, 1966) is then 
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             Eq. 1 
The permanent expression terms are arranged in S + 1 groupings.  The physical significance of 
each expression is mentioned below:  
Group 1: explains only one expression and represents interactions of the seven main challenges. 
Group 2:  not present as self-loop is absent in the digraph. 
Group 3: explains two expressions; individual expression shows two challenge inter-dependency, 
i.e. dxydyx and measure of remaining S - 2 challenges. 
Group 4: each expression of this group displays a set of three challenges inter-dependency dxydyzdzx 
or its pair dxzdzydyx and measure of remaining S - 3 challenges. 
Group 5: two sub groups are arranged in this group.  The first sub-group is a set of two, two-
challenge inter-dependency, i.e. dxydyx and dza daz and measure of remaining S - 4 challenges.  The 
second sub-group is a set of four-challenge inter-dependency i.e. dxydyzdza dax and dxa dazdzydyx and 
measure of remaining S - 4 challenges. 
Group 6: The terms of this group are also settled in two sub-groups.  The first sub-group is a set 
of two challenges inter-dependency i.e dxy dyx, a set of three challenges inter-dependency, i.e 
czacabcbz or its pair czbcbacazand measure of remaining S - 5 challenges.  The second sub-group is a 
set of five challenges inter-dependency i.e. dxy dyz dzadabdbx or its pair dxadbacaz dzy dyx and measure 
of remaining S - 5 challenges. 
Group7: the terms are settled in a set of two and four challenges inter-dependency; two, three 
challenges inter-dependency; three, two challenges inter-dependency and six challenges inter-
dependency.  
 
